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@ Preparation of cyanobenzyl cyclopropane carboxylates. 



(sj) A method for preparing a pyrethroid insecticide of 
general formula: 




wherein the two hydrogen atoms on the cyclopropane ring 
are in the c/s- configuration, in which an acid of formula: 




(ID 



is neutralised with a water-soluble base and then reacted in 
q the presence of a phase-transfer catalyst with a solution in a 

substantially water-immiscible organic solvent of an alpha- 
Q cyanobenzyl aryl sulphonate of formula: 

LU 
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the substituents in the formulae having the following 
meanings; A represents an optionally substituted aryl group; 
R, 8nd R ? represent hydrogen or halogen; and R 3 and R* 
represent chlorine, bromine, or methyl. 
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K 1839 

"PREPARATION OF CYANOBENZYL CYCLOPROPANE CARBOXYLATES" 

This invention relates to the preparation of synthetic 
pyrethroid insecticide esters "by reacting a cyanobenzyl arylsul- 
5 phonate with a cyclopropane carhoxylic acid. 

U.K. Patent Specification No. 1,5^0,632 discloses a process 
for preparing synthetic pyrethroid insecticide esters containing 
a 3-substituted alpha- cyanobenzyl group as the alcohol moiety 
vherein a 3-substituted benzaldehyde (e.g. 3-phenoxybenzaldehyde ) 
10 is reacted vith the appropriate acyl chloride or bromide (e.g. 3- 
(2 9 2-dichlorovinyl)-2,2-dimethylcyclopropanecarbonyl chloride) in 
the presence of water, a vater soluble cyanide, a substantially 
water- immiscible aprotic solvent and a phase-transfer catalyst. 
U.K. Patent Specification No. 1,559,799 discloses a process 
15 for preparing similar synthetic pyrethroid insecticide esters 
wherein the appropriate acid (e.g. 3-(2,2-dichlorovinyl)-2 ,2- 
dimethylcyclopropanecaxboxylic acid) is neutralised with a water- 
soluble base and then reacted with a solution in a substantially 
water- immiscible organic solvent of an alpha-cyano-3-pbenoxy- 
20 benzyl halide in the presence of a phase-transfer catalyst. 

Synthetic pyrethroid insecticide esters which are alpha- 
cyano-3-phenoxybenzyl 3-(2 9 2-di-substituted vinyl)-2,2-dimethyl- 
cyclopropanecarboxylates have eight possible isomers, since the 
cyclopropane ring of the acid moiety contains two centres of 
25 asymmetry and a third centre of asymmetry exists in the alcohol 
moiety. In general, superior pesticidal activity resides among 
the compounds having cis-configuration about the cyclopropane 
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2. 

ring, as disclosed by Itaya et al in "Synthetic Pyrethroids" , ACS 
Symposium Series h2 9 Pages ^5 to 5^, and the isomer vhich has the 
greatest pesticidal activity is generally that isomer vhich is 
conveniently designated the 1R cis S- isomer , 1R cis- designating 

5 configuration in the acid moiety and S-designating configuration 
in the alcohol moiety, as described by Elliott et al in Nature, 
Vol. 2l48, Pages 710 and 711 (197*0. 

Although the processes of the above tvo U.K. Patents both 
give excellent results, that of U.K. Patent Specification No. 

10 1 ,5*40,632 is economically more attractive since it employs as 
starting material the commercially available 3-phenoxybenz al- 
dehyde. When ci s- alpha-cyano-3--phenoxybenzyl 3-(2 5 2-dichloro- 
vinyl)-T2,2-dimethylcyclopropanecarboxylate is prepared from pure 
cis- 3- ( 2 , 2-di chlor ovinyl) -2 , 2-dimethylcyclopr opanecarboxylic 

15 acid by the process of U.K. Patent Specification No. 1,5^0,632, it 
has been found that the product is typically 95# hy weight pure 
ester vhich contains the c i s/trans- i somer s in 95:5 ratio by 
veight. If this product is used directly. in the process described 

in 'U.K. Patent Specification No. 2075011, the maximum yield has 
20 heen found to be 65£ by veight of. 95# pure 1:1 mixture of 1E cis, 
S- and 1S cis R- isomers of the ester. 

The present invention provides a synthetic route to such 
pyrethroid insecticides vhich facilitates the production in good 
25 yields of the more active cis isonJerfs) of the general, formula-;- - 




H 

0 




^Vc — -• 0-CH ^ /~ ] " 

0 CN 

vherein the two hydrogen atoms on the cyclopropane ring are in 
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3. 

the cis- configuration, characterised in that an acid of formula 




TL 

v 



is neutralised vith a water-soluble base and then reacted in the 
presence of a phase-transfer catalyst vith a solution in a sub- 
5 stantially water- immiscible organic solvent of an alpha-cyano- 
benzyl .*aryl sulphonate of formula: 




the substituents in the formulae having the following meanings; A 
represents an optionally substituted aryl group; each of R^ and 

10 Rg independently represents a hydrogen or halogen atom; and each 
of R^ and R^ independently represents a chlorine ©r bromine atom 
or a methyl group ■. 

A may be, for example, a phenyl group substituted by one or 
more substituents independently selected from halogen atoms, 

15 nitro groups, and alkyl and alltoxy groups preferably containing 1 
to 6 carbon atoms and optionally halogenated, suitably by fliiorifie, 
chlorine or bromine, and is conveniently a phenyl group substi- 
tuted by one or more methyl groups* Advantageously A is a tolyi 
group. 

19 Advantageously ^ is hydrogen fc? bf-omine fe&d 8g is bydr&geh 

6f fluorine, at le&et en£ ©f bid Rg fceibg feydrogfehi Jtfefef-abiy 
£ g afad Rg k¥e fc&tfa hydrogen < ftftftflihly 8 g fifid feTe both 
ehlctfinfe* 

Using a neutralised aeid of formula It in reaction with &n 
25 alpha-eyanobenzyl arylsulph&S&te 6f fofinula ill it has been found 
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possible to retain the cis-configuration substantially completely 
in preparing the pyrethroid insecticide of formula I. 

The acid of formula II may conveniently be neutralised using 
a vater-soluble inorganic base such as sodium or potassium 
5 bicarbonate, carbonate or hydroxide. Advantageously the inorganic 
base is sodium bicarbonate or potassium bicarbonate. 

Alpha- cyan obenzyl arylsulphonates of formula III may be 
prepared by a process vhich comprises reacting a benzaldehyde of 




vherein and R 2 are as defined above, vith an alkali metal 
cyanide and an aryl sulphonyl halide of formula A-SOg-Hal, vherein 
A is as defined above and Hal is fluorine, bromine or preferably, 
chlorine. 

15 This process is conveniently carried out in the presence of 

vater, a substantially vater- immiscible organic solvent and a 
phase transfer catalyst- Potassium and, especially, sodium 
cyanides are the preferred alkali metal cyanides. 

The phase -transfer catalyst may be any reagent vhich vill 

20 accelerate interphase reactions in aqueous /organic tvo-phase 

systems, the most convenient such catalysts including quaternary " 
ammonium and phosphonium compounds. Generally economic consider- 
ations make it preferable to use quaternary ammonium compounds. 
Examples of suitable quaternary ammonium compounds include tetra 

25 alkylammonium halides, for example, tetra-n-butylammonium bromide, 
tetra-n-butylammonium chloride, cetyltrimethylammonium bromide 
and methyltri(Cg 1Q alkyl) ammonium chlorides, and also methyltri- 
2-metbylphenylammonium chloride. Alternatively, the macrocyclic 
polyethers knovn as "crovn ethers" may be utilized as phase 

30 transfer catalyst. These compounds, together vith their prepa- 

% 
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5. 

ration, are described in the literature, for example in Tetra- «• 
hedron Letters No. 18 (1972) pp. 1793-ri96> and are commonly 
designated "by reference to the total number of atoms forming the 
macrocyclic ring together vith the number of oxygen atoms in that 

5 ring. Thus the macrocyclic polyether vhose formal chemical name 
is l,l*,7,10,13,l6-hexaoxacyclooctadecane is designated as "18- 
crovn-6" . Other types of compound which may he used as the 
phase-transfer catalyst include quaternary ammonium anion ex- 
change resins (suitably in the hydroxyl form). 

10 The concentration of catalyst used may vary videly, but at 

lov concentrations (e.g. 1 mole % or less) a higher reaction 
temperature is required to complete the esterifi cation reaction 
-within an acceptable period of time vhilst the use of higher 
concentrations (e.g. above 10 mole %) naturally increases the 

**5 cost of the catalyst required to produce a given quantity of 
ester. For example, the use of 5 mole % of catalyst at 65-70°C 
vill lead to a 20-30 fold reduction in reaction time as compared 
vith the same reagent concentrations at room temperature, and 
reduction of the catalyst concentration to 1 mole % increases the 

20 reaction time 2-3 fold. Thus, the choice of reaction temperature 
and catalyst concentration are mutually interdependent, and in 
any individual instance vill depend on the local economic factors* 
Those skilled in the art vill appreciate that the nature of the 
reaction vessel and the stirring rate are other factors to be 

25 taken into account in determining optimum reaction conditions. 

Preferred substantially vat er- immiscible organic solvents in 
either the preparation of the compounds of formula I or the 
cyanobenzyl arylsulphonate precursors of formula III include 
benzene, toluene, petroleum ethers, xylenes, trimethylbenzene, 

30 carbon tetrachloride and kerosene* 

5?he invention is illustrated in the followihg examples* 

A) jfoe p&Fation of &ipha-eyano-3-phenoxybenzyl p-toluejo^ 
BUlph6hAte 

33 A solution of 3-phenoxybenzaldehyde (l98g, 1.0M) and j>- 
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6. 

toluene sulphonyl chloride (l90,5g, 1.0M) in toluene (200ml) was 
stirred under nitrogen and cooled to 0°C. A solution of sodium 
cyanide (51g, l.O^M) and tetra-n-butylammonium "bromide (1.5g> 
- 0.005M) in water (200ml) was added dropwise over k$ minutes. 
5 After stirring for a further hour at 0 to^C, the organic phase 
was separated off and washed with water (2 x 100ml). The toluene 
was evaporated off leaving an orange oil (395g) which on crystal- 
lisation from ethanol (600ml) at 15°C yielded alpha-cyano-3- 
phenoxybenzyl j)-toluenesulphonate as a pale cream crystalline 
no solid (3*ag, 89. 9#) m.p, 56-57- 5°C. 

B) Preparation of cis-alpha-cyano-3-phenoxybenzyl 3- 

( 2 , 2-di chlorovinyl)-2,2-dimethylcyclopropanecarboxylate 
from alpha-cyapo-3-phenoxybenzyl p-toluene sulphonate * 
Cis- 3~(2,2-dichlorovinyl)-2 > 2-di2nethylcyclopropane car- 

r 

boxylic acid (l99g, 0.95M) was added td"aT solution of potassium 
carbonate (65. 6g, 0.1+75M) in water (.l^Oml) . Toluene (900ml), 
tetra-n-butylammonium bromide (13. 5g* 0.05M) and alpha- cyano-3- 
phenoxybenzyl £-toluenesulphonate* (3^1g 9 0-9M; prepared as des- 
cribed in A above) were added to the stirred mixture which was 

20 then heated at 70°C for 3 hours. The mixture was cooled to 
ambient temperature and the organic phase was separated off, 
washed with aqueous potassium carbonate solution (2 x 200ml) and 
water (2 x 200ml), evaporated and degassed under vacuum to leave 
cis-alpha-cyano-3-phenoxybenzyl 3~( 2 , 2-dichlorovinyl)-2 ,2-dimethyl- 

25 cyclopropanecarboxylate as a pale amber oil (36Ug, 97-3$), 

containing less than 1$ trans- isomers. 

The purity of the cis-alpha-cyano-3-phenoxybenzyl 3-(2,2- 

dichlorovinyl)r2,2-dimethylcyclopropanecarboxylate was confirmed 

by subjection to the process described in U.K. Patent 
^ Q Specification No. 2,075011. Thus the amber oil 

(36Ug) was dissolved in triethylamine (550ml) and stirred at 
15°C. The precipitate which crystallised out was filtered off, 
washed with cold triethylamine (50ml) and cold hexane (100 ml) 
and dried to give 268g of white crystalline solid, m.p. 83- 
35 8!+.5°C, containing 95$ "by veight of a 1:1 mixture of the 1R cis 
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7. 

S~ and IS cis R- isomers of alpha-cyano-3-phenoxybenzyl 3-(2,2- 
di chlor ovinyl ) -2 , 2-dimethylcyclopropanecarboxylate . 

The solvent was evaporated from the filtrate and the residue 
(95g) vas dissolved in triethylamine ( 150ml) and treated as above 
5 to give a further kl.kg of white crystalline solid, m.p. 82-8*1 °C, 

r • 

containing 95$ by weight of a 1:1 mixture of the IE cis S- and IS 
cis B- isomers of alpha-cyano-3-phenoxybenzyl 3- (2, 2-di chlor ovinyl )- 
2 ,2-dimethylcyclopropanecarbbxylate . 

Thus, in two treatment steps a 95% pure 1:1 mixture of 1R 
10 cis S- and IS cis R-isomers of alpha- cyano-3-phenoxybenzyl 3- 
( 2 , 2-di chlor ovinyl ) -2 , 2-dimethylcyclopropanecarboxylate was 
obtained in &5% yield based on the weight of the amber oil. 
EXAMPLE 2 

Cis- 3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane car- 

15 boxylic acid (l680g, 8.0UM) was added to a solution of potassium 
carbonate (555g 9 1 *.02M) in water (3800 ml). Toluene (7600 ml), 
tetra-n-butylemmonium bromide (U5g, O.^M) and alpha- cyano-3- 
phenoxybenzyl £-toluenesulphonate (2902g, prepared as in 

Example 1(A) above) were added to the stirred mixture which was 

20 then heated at T0°C for 5 hours. The mixture was cooled to 
ambient temperature and the organic phase was separated off, 
washed twice with aqueous potassium carbonate solution and twice 
with water, evaporated and degassed under vacuum to leave cis- 
alpha-cyano-3-phenoxybenzyl 3- ( 2, 2-di chlor ovinyl) -2 , 2-dimethyl- 

25 cyclopropanecarboxylate as a yellow oil (3130g, 99%), containing 
less than 1% trans- isomers • 

This yellow oil (3130g) was dissolved in triethylamine 
( I+650 ml) and -stirred at 15°C for 2k hours. The precipitate 
which crystallised out was filtered off, washed with cold triethyl- 

30 amine (750 ml) and cold hexane (1000 ml) and dried to give 173g 
of white crystalline solid, m.p. 8l-83°C, containing 9k% by 
weight of a 1:1 mixture of the 1R cis S- and IS cis R- isomers of 
alpha-cyano-3-phenoxybenzyl 3- ( 2 , 2-di chlor ovinyl ) -2 , 2-dimethyl- 
cyclopropanecarboxylate . 
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8. 

The solvent was evaporated from the filtrate and the residue 
was dissolved in triethylamine (2000 ml) and treated as above to 
give a further 86kg of white crystalline solid, m.p. 8l.5-83.5°C 5 
containing 9^% by weight of a 1:1 mixture of the 1R cis S- and is 

5 cis R- isomers of alpha- cyano-3-pbenoxybenzyl 3-(2,2-dichloro- 
vinyl)-2,2~dimethylcyclop^opanecarboxylate. 

Concentration of the filtrate and stirring at 15°C for kS 
hours enabled a further 96g of white crystalline solid, m.p. 
82.5-8U°C, containing 95% by weight of a 1:1 mixture of the IB 

10 cis S- and IS cis R- isomers of alpha-cyano-3-phenoxybenzyl 3- 
(2,2-dichlorovinyl)-2,2-dimethylcyclopropanecarboxylate, to be 

obtained. 

Thus in three treatment steps a 9k% pure 1:1 mixture of 1R 
cis S- and IS cis R- isomers of alpha-cyano-3-pbenoxybenzyl 3- 
15 (2,2-dichlorovinyl)-2,2-dimethylcyclopropaaecarboxylate was 
obtained in 86.2% yield based on the weight of the yellow oil. 

EXAMPLES 3 to 6 

Cis- 3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropane carbox- 
ylic acid (22g, 0.105*0 was added to a solution of an inorganic 

20 -base in water (50 ml). Toluene ( 100 ml), tetra-n-butylammonium 
bromide (l.6g, 5 mole % based on the cyclopropane carboxylic 
acid) and alpha- cyano-3-phenoxybenzyl ^-toluenesulphonate (37»9g> 
0.1M) were added to the stirred mixture which was then heated at 
1*0-U5°C for 2h hours. - The reaction mixture was then treated as 

25 in Exanple 1 to yield cis- alpha-cyano-3-phenoxybenzyl 3-(2,2- 
dichlorovinyl)-2,2-dimethylcyclopropanecarboxylate as a pale 
amber oil containing less than 1% trans- isomers. 

The bases, their quantities and the yields obtained are 
given In Table I following. 
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Q) 
H 



Yield (g) 


bO 

bO ti) ia tjD 

j=r o t- on 

• . ■ • • 
0\ H CO H 
co ^ co -sr 


quantity of "base 


S w £ S 

IA UN 1A IA 

o o o o 

H • H H 

• O • • 
O O O 

• tsO ■* bD 
bO ir\ bD CVJ 
CM OJ lf\ CO 

• • • • 

t- go 


Base 


sodium hydroxide 
potassium carbonate 
potassium carbonate 
sodium bicarbonate 
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10. 

EXAMPLES 7 to 9 

Following the procedure of Example 6 (i.e. sodium "bicar- 
bonate as base), but using different phase-transfer catalysts 
(l.6g in each case) and stirring at l40-l*5°C until reaction vas 
complete (as determined by thin-layer chromatography), gave cis 
alpha-cyan o-3-phenoxybenzyl 3- ( 2,2-dichlorovinyl )-2 ,2-dimethyl- 
cyclopropane carboxylate as a pale amber oil containing less than 
1% trans- isomers, as indicated in the following Table II. 
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12. 

EXAMPLES 10 and 11 

Following the procedure of Example 9 but using carbon 
tetrachloride ( 100 ml) in place of toluene, and using tetra- 
butylammonium bromide (l.6g) as catalyst, gave ci s- alpha-cyano-3- 
5 pbenoxybenzyl 3-(2,2-dichiorovinyl)-2,2-dimetbylcyclopropane 
carboxylate as a pale amber oil containing less than 1% trans- 
isomers, as indicated in the following Table III. 



Table III 



Reaction temperature (°C) 


Reaction time (hrs) 


Yield (g) 


kO-k5°C 
63-66°C 


20 hours 
3 hours 


Ul.25g 
39. 9g 
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13. 

Comparative Example 

Cis-alpha- cyano-3-phenoxybenzyl 3- ( 2 , 2-di chlorovinyl ) -2 , 2- 
dimethylcyclopropanecarboxylate vas prepared by the process of UK 
Patent Specification, Mo. 1,5 1 »0,632 as follows. A. solution of 

5 sodium cyanide (980g, 20M) and. tetrabutylammonium bromide (0-5g, 
0.01M) in water (3835 ml) was added to a stirred mixture of 3- 
phenoxybenzaldehyde (3305g, 16.69M) and cis -3- (2, 2-di chloro- 
vinyl) -2, 2-dimetbylcyclQpropanecarbonyl chloride; in toluene (17 
litres) over a period of 3 hours whilst maintaining the temper- 

10 ature of the mixture in the range 10° to 12 °C. 

The mixture, was stirred for 7 hours , more tetrabutylammonium 
bromide (llg, 0.22M) was added and the mixture was stirred over- 
night. The aqueous layer was removed from the mixture and the 
organic phase was washed successively with 5% aqueous potassium 

r * 

15 carbonate solution and with demineralised water and was evapora- 
ted under reduced pressure to yield alpba-cyano-3-phenoxybenzyl 3- 
(2,2-dicbJ.orovinyl)-2,2-dimethylcyclopropanecarboxylate (7 . 0kg) 
as a pale amber oil which was shown by high-performance liquid 
chromatography to contain 952 cis-isamers; 5% trans- isomers 

20 (w/w). 

This 95:5 mixture of cis- and trans- isomers was subjected 
to the process described in UK Patent Application Ho. 8ll23M». 
Thus the amber oil was dissolved in triethylamine (10.5- litres) 
and stirred at 15°C for 5 days. The crystalline precipitate 

25 which formed was filtered off, washed with cold triethylamine and 
cold hexane and dried to give l».5kg of white crystalline solid, 
m.p. 83.5-85.5°C, containing 95% by weight of a 1:1 mixture of 
the 1R cis S- and IS cis R- isomers of alpha- cyano-3-phenoxybenzyl 
3-(2, 2-di chlorovinyl )-2 ,2-dimethylcyclopropanecarboxylate . 

30 The solvent was evaporated from the filtrate and the residue 

(2.5kg) was dissolved in triethylamine (3.75 litres), stirred for 
21 days at 15°C and treated as above to isolate the white crystal- 
line solid, which amounted to 25g, had m.p. 83.5-85.5°C and 
contained 9555 by weight of a 1:1 mixture of the 1R cis S-and IS 
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cis R- isomers of alpha-cyano-3-phenoxybenzyl 3- ( 2, 2-di chlorovinyl) 
2 , 2-dimethylcyclopropanecarboxylate . 

Thus in the tvo treatment steps the 95? pure 1:1 mixture of 
IE cis S- and IS cis B- isomers of alpha-cyano-3-pbenoxybenzyl 3- 
5 ( 2 ,2-di chlorovinyl ) -2 ,2-dimethylcyclopropanecarboxylate was 

obtained in overall yield of only 65? based on the weight of the 
amber oil. 

Similar experimerts in which the amber oil contained 6? and 
10? of trans-isomers gave corresponding respective overall yields 
10 of 95? pure 1:1 mixtures of 1R cis S- and IS cis R- isomers of 
alpha-cyano-3-phenoxybenzyl 3- ( 2 , 2-di chlorovinyl ) -2 9 2-dimethyl- 
cyclopropanecarboxylate of only 63? and 36? weight of the 
amber oils. 
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0 



K 1839 

CLAIMS 

A method for preparing a pyrethroid insecticide of general 
formula: p 

3 

A 

^ H 

0 CN 

vherein the tvo hydrogen atoms on the cyclopropane ring are 
in the cis- configuration, characterised in that an acid of 
formula 





(ID 



is neutralised with a water-soluble hase and then reacted 
in the presence of a phase-transfer catalyst vith a solution 
in a substantially vater-iumdspible organic solvent of an 
alpha-cyanohenzyl aryl sulphonate of formula: 



I J7~\ N=^R, (ill) 



A™S0 2 -0-CH \_J— R 2 1 
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the substituents in the formulae having the following meanings; 
A represents an optionally substituted aryl group; each of 
R ana R 2 independently represents a hydrogen or halogen 
atom; and each of R 3 and R^ independently represents a 
chlorine or bromine atom or a methyl group. 

2. A method as claimed in claim 1 wherein R^ and R g are both 0 
hydrogen atoms and R 3 and R^ are both chlorine atoms. 

3. A method as claimed in claim 1 or 2 wherein A is a tolyl 
group. 

14. A method as claimed in any one of claim 1-3 wherein the 

phase transfer catalyst is a quaternary ammonium compound or 
a macrocyclic polyether. 

5. A method as claimed in claim k wherein the phase transfer 
catalyst is a tetraalkyl ammonium halide. 

6. A method as claimed in any one of the-preceding claims 
wherein the organic solvent is toluene or carbon tetrachloride. 
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